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(57) ABSTRACT 
A power conversion apparatus includes a transformer, a pri 
mary side full bridge circuit provided on a primary side of the 
transformer; a first port connected to the primary side full 
bridge circuit; a second port connected to a center tap of the 
primary side of the transformer; a secondary side full bridge 
circuit provided on a secondary side of the transformer, a 
third port connected to the secondary side full bridge circuit; 
and a control unit configured to cause an upper arm of the 
secondary side full bridge circuit to operate in an active region 
in a case where a capacitor connected to the third port is 
charged with a transmitted power transmitted to the second 
ary side full bridge circuit via the transformer from the pri 
mary side full bridge circuit when power of the second port is 
stepped up and the stepped up power is output to the first port. 
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POWER CONVERSION APPARATUS AND 
METHOD FOR STARTING UPTHE SAME 

INCORPORATION BY REFERENCE 

0001. The disclosure of Japanese Patent Application No. 
2014-048.199 filed on Mar. 11, 2014 including the specifica 
tion, drawings and abstract is incorporated herein by refer 
ence in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a technique for con 
Verting power between a plurality of ports. 
0004 2. Description of Related Art 
0005. A power conversion apparatus for converting power 
between a plurality of input/output ports is known (see Japa 
nese Patent Application Publication No. 2011-193713 (JP 
2011-193713 A), for example). A capacitor is connected to at 
least one port in the power conversion apparatus. 
0006. However, if a power supply is connected to the port 
in a state where the capacitor that is connected to the port is 
almost not charged, there is a possibility that an inrush current 
flowing to the capacitor becomes excessive. 

SUMMARY OF THE INVENTION 

0007. Therefore, the present invention provides a power 
conversion apparatus and a method for starting up the same 
which enable to suppress an inrush current flowing to a 
capacitor that is connected to a port. 
0008 According to one aspect of the present invention, 
there is provided a power conversion apparatus including: a 
transformer; a primary side full bridge circuit that is provided 
on a primary side of the transformer; a first port that is con 
nected to the primary side full bridge circuit; a second port 
that is connected to a center tap of the primary side of the 
transformer; a secondary side full bridge circuit that is pro 
vided on a secondary side of the transformer; a third port that 
is connected to the secondary side full bridge circuit; and a 
control unit that is configured to cause an upper arm of the 
secondary side full bridge circuit to operate in an active region 
in a case where a capacitor that is connected to the third port 
is charged with a transmitted power that is transmitted to the 
secondary side full bridge circuit via the transformer from the 
primary side full bridge circuit when a power of the second 
port is stepped up and the stepped up power is output to the 
first port. 
0009. According to one embodiment, it is capable of Sup 
pressing an inrush current flowing to a capacitor that is con 
nected to a port. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 Features, advantages, and technical and industrial 
significance of exemplary embodiments of the invention will 
be described below with reference to the accompanying 
drawings, in which like numerals denote like elements, and 
wherein: 
0011 FIG. 1 is a diagram showing an example of a con 
figuration of a power conversion apparatus; 
0012 FIG. 2 is a diagram showing an example of a con 
figuration of a control unit; 
0013 FIG. 3 is a timing chart showing an example of 
Switching operations of a primary side circuit and a secondary 
side circuit; 
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0014 FIG. 4 is a flowchart showing an example of a 
method for starting up the power conversion apparatus; 
0015 FIG. 5 is a timing chart showing an example of 
operations of the power conversion apparatus when it is 
started up; 
0016 FIG. 6 is a diagram showing an example of a direc 
tion and a path of a current charging a capacitor by an arrow; 
0017 FIG. 7 is a diagram showing an example of a direc 
tion and a path of the current charging the capacitor by an 
arrow, 
0018 FIG. 8 is a diagram showing an example of a direc 
tion and a path of the current charging the capacitor by an 
arrow, 
0019 FIG. 9 is a timing chart showing an example of a 
duty ratio that gradually increases; 
0020 FIG. 10 is a diagram showing an example of a struc 
ture in which diodes of an upper arm are disposed oppositely; 
0021 FIG. 11 is a diagram showing an example of a struc 
ture in which diodes of a lower arm are disposed oppositely; 
and 
0022 FIG. 12 is a timing chart showing an example in 
which an operation of an arm in an active region is inter 
rupted. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0023 <Configuration of Power Supply Apparatus 101-> 
0024 FIG. 1 is a block diagram showing an example of a 
configuration of a power Supply apparatus 101 which is an 
embodiment of a power conversion apparatus. For example, 
the power Supply apparatus 101 is a power Supply system that 
includes a power supply circuit 10, a control unit 50 and a 
sensor unit 70. For example, the power supply apparatus 101 
is a system that is mounted on a vehicle Such as an automo 
bile, and distributes power to various loads of the vehicle. A 
hybrid vehicle, a plug-in hybrid vehicle, an electric vehicle, 
and so on may be cited as specific examples of this vehicle. 
The power Supply apparatus 101 may also be mounted on a 
vehicle using an engine as a driving source. 
0025. For example, the power supply apparatus 101 
includes, as primary side ports, a first input/output port 60a to 
which a primary side high Voltage system load 61a is con 
nected and a second input/output port 60c to which a primary 
side low Voltage system load 61c and a primary side low 
Voltage system power Supply 62c are connected. The primary 
side low Voltage system power Supply 62c supplies power to 
the primary side low Voltage system load 61c, which is oper 
ated by an identical Voltage system (a 12 V system, for 
example) to the primary side low Voltage system power Sup 
ply 62c. Further, the primary side low voltage system power 
Supply 62c Supplies power stepped up by a primary side 
conversion circuit 20 provided in the power supply circuit 10 
to the primary side high Voltage system load 61a, for 
example, which is operated by a different Voltage system (a 
higher 48V system than the 12V system, for example) to the 
primary side low Voltage system power Supply 62c. A sec 
ondary battery such as a lead battery may be cited as a specific 
example of the primary side low Voltage system power Supply 
62C. 
0026. For example, the power supply apparatus 101 
includes, as secondary side ports, a third input/output port 
60b to which a secondary side high voltage system load 61b 
and a secondary side high Voltage system power Supply 62b 
are connected and a fourth input/output port 60d to which a 
secondary side low Voltage system load 61d and a secondary 
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side low Voltage system power Supply 62d are connected. The 
secondary side high Voltage system power Supply 62b Sup 
plies power to the secondary side high Voltage system load 
61b, which is operated by an identical Voltage system (a 
higher 288 V system than the 12 V system and the 48 V 
system, for example) to the secondary side high Voltage sys 
tempower supply 62b. Further, the secondary side high volt 
age system power Supply 62b Supplies power stepped down 
by a secondary side conversion circuit 30 provided in the 
power supply circuit 10 to the secondary side low voltage 
system load 61d, for example, which is operated by a different 
voltage system (a lower 72 V system than the 288 V system, 
for example) to the secondary side high Voltage system power 
supply 62b. A secondary battery such as a lithium ion battery 
may be cited as a specific example of the secondary side high 
Voltage system power Supply 62b. 
0027. The secondary side low voltage system power Sup 
ply 62d Supplies power to the secondary side low Voltage 
system load 61d, which is operated by an identical Voltage 
system (the 72 V system, for example) to the secondary side 
low Voltage system power Supply 62d. Further, the secondary 
side low Voltage system power Supply 62d Supplies power 
stepped up by the secondary side conversion circuit 30 pro 
vided in the power supply circuit 10 to the secondary side 
high Voltage system load 61b, for example, which is operated 
by a higher voltage system (the 288 V system, for example) 
than the secondary side low Voltage system power Supply 
62d. A Solar power Supply (a Solar power generator), an 
AC-DC converter for converting a commercial AC power into 
a DC power, a secondary battery and so on may be cited as a 
specific example of the secondary side low Voltage system 
power Supply 62d. 
0028. The power supply circuit 10 is a power conversion 
circuit that includes the four input/output ports described 
above and has functions for selecting any two input/output 
ports from the four input/output ports and performing power 
conversion between the two input/output ports. Further, the 
power Supply apparatus 101 including the power Supply cir 
cuit 10 may be an apparatus that includes a plurality of at 
least three, input/output ports, and is capable of converting 
power between any two input/output ports from the plurality 
of at least three, input/output ports. For example, the power 
supply circuit 10 may also be a circuit that has three input/ 
output ports without the fourth input/output port 60d. 
0029 Port powers Pa, Pc, Pb, Pd are input/output powers 
(input powers or output powers) of the first input/output port 
60a, the second input/output port 60c, the third input/output 
port 60b, and the fourth input/output port 60d, respectively. 
Port voltages Va, Vc, Vb, Vd are input/output voltages (input 
Voltages or output Voltages) of the first input/output port 60a, 
the second input/output port 60c, the third input/output port 
60b, and the fourth input/output port 60d, respectively. Port 
currents Ia, Ic, Ib, Idare input/output currents (input currents 
or output currents) of the first input/output port 60a, the 
second input/output port 60c, the third input/output port 60b, 
and the fourth input/output port 60d, respectively. 
0030 The power supply circuit 10 includes a capacitor Cl 
that is provided to connect to the first input/output port 60a, a 
capacitor C3 that is provided to connect to the second input/ 
output port 60c, a capacitor C2 that is provided to connect to 
the third input/output port 60b, and a capacitor C4 that is 
provided to connect to the fourth input/output port 60d. Film 
capacitors, aluminum electrolytic capacitors, ceramic capaci 
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tors, polymer electrolytic capacitors, and so on may be cited 
as specific examples of the capacitors Cl, C2, C3, C4. 
0031. The capacitor C1 is inserted between a high potential 
side terminal 613 of the first input/output port 60a and a low 
potential side terminal 614 of the first input/output port 60a 
and the second input/output port 60c. The capacitor C3 is 
inserted between a high potential side terminal 616 of the 
second input/output port 60c and the low potential side ter 
minal 614 of the first input/output port 60a and the second 
input/output port 60c. The capacitor C2 is inserted between a 
high potential side terminal 618 of the third input/output port 
60b and a low potential side terminal 620 of the third input/ 
output port 60b and the fourth input/output port 60d. The 
capacitor C4 is inserted between a high potential side termi 
nal 622 of the fourth input/output port 60d and the low poten 
tial side terminal 620 of the third input/output port 60b and the 
fourth input/output port 60d. 
0032. The capacitors C1, C2, C3, C4 may be provided 
either inside or outside the power supply circuit 10. 
0033. The power supply circuit 10 is a power conversion 
circuit configured to include the primary side conversion 
circuit 20 and the secondary side conversion circuit 30. Fur 
ther, the primary side conversion circuit 20 and the secondary 
side conversion circuit 30 are connected via a primary side 
magnetic coupling reactor 204 and a secondary side magnetic 
coupling reactor 304, and magnetically coupled by a trans 
former 400 (a center tapped transformer). The primary side 
ports configured of the first input/output port 60a and the 
second input/output port 60c and the secondary side ports 
configured of the third input/output port 60b and the fourth 
input/output port 60d are connected via the transformer 400. 
0034. The primary side conversion circuit 20 is a primary 
side circuit configured to include a primary side full bridge 
circuit 200, the first input/output port 60a, and the second 
input/output port 60c. The primary side full bridge circuit 200 
is provided on a primary side of the transformer 400. The 
primary side full bridge circuit 200 is a primary side power 
conversion unit configured to include a primary side coil 202 
of the transformer 400, the primary side magnetic coupling 
reactor 204, a primary side first upper arm U1, a primary side 
first lower arm /U1, a primary side second upper arm V1, and 
a primary side second lower arm /V1. Here, the primary side 
first upper arm U1, the primary side first lower arm /U1, the 
primary side second upper arm V1, and the primary side 
second lower arm /V1 are constituted by switching elements 
respectively configured to include, for example, an N channel 
type metal oxide semiconductor field effect transistor (MOS 
FET) and a body diode (a parasitic diode) serving as a para 
sitic element of the MOSFET. Additional diodes may be 
connected to the MOSFET in parallel. Diodes 81, 82, 83, 84 
are illustrated in FIG. 1. 
0035. The primary side full bridge circuit 200 includes a 
primary side positive electrode bus line 298 connected to the 
high potential side terminal 613 of the first input/output port 
60a, and a primary side negative electrode bus line 299 con 
nected to the low potential side terminal 614 of the first 
input/output port 60a and the second input/output port 60c. 
0036) A primary side first arm circuit 207 connecting the 
primary side first upper arm U1 and the primary side first 
lower arm /U1 in series is attached between the primary side 
positive electrode bus line 298 and the primary side negative 
electrode bus line 299. The primary side first arm circuit 207 
is a primary side first power conversion circuit unit (a primary 
side Uphase power conversion circuit unit) capable of per 
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forming a power conversion operation by Switching the pri 
mary side first upper arm U1 and the primary side first lower 
arm /U1 ON and OFF. Further, a primary side second arm 
circuit 211 connecting the primary side second upper arm V1 
and the primary side second lower arm /V1 in series is 
attached between the primary side positive electrode bus line 
298 and the primary side negative electrode bus line 299 in 
parallel with the primary side first arm circuit 207. The pri 
mary side second arm circuit 211 is a primary side second 
power conversion circuit unit (a primary side V phase power 
conversion circuit unit) capable of performing a power con 
version operation by Switching the primary side second upper 
arm V1 and the primary side second lower arm /V1 ON and 
OFF. 

0037. The primary side coil 202 and the primary side 
magnetic coupling reactor 204 are provided in a bridge part 
connecting a midpoint 207m of the primary side first arm 
circuit 207 to a midpoint 211m of the primary side secondarm 
circuit 211. To describe connection relationships to the bridge 
partin more detail, one end of a primary side first reactor 204a 
of the primary side magnetic coupling reactor 204 is con 
nected to the midpoint 207m of the primary side first arm 
circuit 207, and one end of the primary side coil 202 is 
connected to another end of the primary side first reactor 
204a. Further, one end of a primary side second reactor 204b 
of the primary side magnetic coupling reactor 204 is con 
nected to another end of the primary side coil 202, and another 
end of the primary side second reactor 204b is connected to 
the midpoint 211m of the primary side second arm circuit 
211. Note that the primary side magnetic coupling reactor 204 
is configured to include the primary side first reactor 204a and 
the primary side second reactor 204b, which is magnetically 
coupled to the primary side first reactor 204a by a coupling 
coefficient k. 
0038. The midpoint 207m is a primary side first interme 
diate node between the primary side first upper arm U1 and 
the primary side first lower arm /U1, and the midpoint 211m 
is a primary side second intermediate node between the pri 
mary side second upper arm V1 and the primary side second 
lower arm (V1. 
0039. The first input/output port 60a is a port which is 
connected to the primary side full bridge circuit 200 and is 
provided between the primary side positive electrode bus line 
298 and the primary side negative electrode bus line 299. The 
first input/output port 60a is configured to include the termi 
nal 613 and the terminal 614. The second input/output port 
60c is a port which is connected to a center tap 202m of the 
primary side of the transformer 400 and is provided between 
the primary side negative electrode bus line 299 and the center 
tap 202m of the primary side coil 202. The second input/ 
output port 60c is configured to include the terminal 614 and 
the terminal 616. 

0040. The center tap 202m is connected to the high poten 
tial side terminal 616 of the second input/output port 60c. The 
center tap 202m is an intermediate connection point between 
a primary side first winding 202a and a primary side second 
winding 202b constituting the primary side coil 202. 
0041. The secondary side conversion circuit 30 is a sec 
ondary side circuit configured to include a secondary side full 
bridge circuit 300, the third input/output port 60b, and the 
fourth input/output port 60d. The secondary side full bridge 
circuit 300 is provided on a secondary side of the transformer 
400. The secondary side full bridge circuit 300 is a secondary 
side power conversion unit configured to include a secondary 
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side coil 302 of the transformer 400, the secondary side 
magnetic coupling reactor 304, a secondary side first upper 
arm U2, a secondary side first lower arm /U2, a secondary 
side second upper armV2, and a secondary side second lower 
arm /V2. Here, the secondary side first upper arm U2, the 
secondary side first lower arm /U2, the secondary side second 
upper arm V2, and the secondary side second lower arm /V2 
are constituted by Switching elements respectively config 
ured to include, for example, an N channel type MOSFET and 
a body diode (a parasitic diode) serving as a parasitic element 
of the MOSFET. Additional diodes may be connected to the 
MOSFET in parallel. Diodes 85, 86, 87, 88 are illustrated in 
FIG 1. 

0042. The secondary side full bridge circuit 300 includes a 
secondary side positive electrode bus line 398 connected to 
the high potential side terminal 618 of the third input/output 
port 60b, and a secondary side negative electrode bus line 399 
connected to the low potential side terminal 620 of the third 
input/output port 60b and the fourth input/output port 60d. 
0043. A secondary side first arm circuit 307 connecting 
the secondary side first upper arm U2 and the secondary side 
first lower arm (U2 in series is attached between the second 
ary side positive electrode bus line 398 and the secondary side 
negative electrode bus line 399. The secondary side first arm 
circuit 307 is a secondary side first power conversion circuit 
unit (a secondary side Uphase power conversion circuit unit) 
capable of performing a power conversion operation by 
Switching the secondary side first upper arm U2 and the 
secondary side first lower arm /U2 ON and OFF. Further, a 
secondary side second arm circuit 311 connecting the sec 
ondary side second upper arm V2 and the secondary side 
second lower arm (V2 in series is attached between the sec 
ondary side positive electrode bus line 398 and the secondary 
side negative electrode bus line 399 in parallel with the sec 
ondary side first arm circuit 307. The secondary side second 
arm circuit 311 is a secondary side second power conversion 
circuit unit (a secondary side V phase power conversion cir 
cuit unit) capable of performing a power conversion operation 
by Switching the secondary side second upper arm V2 and the 
secondary side second lower arm /V2 ON and OFF. 
0044) The secondary side coil 302 and the secondary side 
magnetic coupling reactor 304 are provided in a bridge part 
connecting a midpoint 307m of the secondary side first arm 
circuit 307 to a midpoint 311 m of the secondary side second 
arm circuit 311. To describe connection relationships to the 
bridge part in more detail, one end of a secondary side first 
reactor 304a of the secondary side magnetic coupling reactor 
304 is connected to the midpoint 307m of the secondary side 
first arm circuit 307, and one end of the secondary side coil 
302 is connected to another end of the secondary side first 
reactor 304a. Further, one end of a secondary side second 
reactor 304b of the secondary side magnetic coupling reactor 
304 is connected to another end of the secondary side coil 
302, and another end of the secondary side second reactor 
304b is connected to the midpoint 311 m of the secondary side 
secondarm circuit 311. Note that the secondary side magnetic 
coupling reactor 304 is configured to include the secondary 
side first reactor 304a and the secondary side second reactor 
304b, which is magnetically coupled to the secondary side 
first reactor 304a by a coupling coefficient k. 
0045. The midpoint 307m is a secondary side first inter 
mediate node between the secondary side first upper arm U2 
and the secondary side first lower arm /U2, and the midpoint 
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311m is a secondary side second intermediate node between 
the secondary side second upper arm V2 and the secondary 
side second lower arm (V2. 
0046. The third input/output port 60b is a port which is 
connected to the secondary side full bridge circuit 300 and is 
provided between the secondary side positive electrode bus 
line 398 and the secondary side negative electrode bus line 
399. The third input/output port 60b is configured to include 
the terminal 618 and the terminal 620. The fourth input/ 
output port 60d is a port which is connected to a center tap 
3.02m of the secondary side of the transformer 400 and is 
provided between the secondary side negative electrode bus 
line 399 and the center tap 302m of the secondary side coil 
302. The fourth input/output port 60d is configured to include 
the terminal 620 and the terminal 622. 
0047. The center tap 302m is connected to the high poten 

tial side terminal 622 of the fourth input/output port 60d. The 
center tap 302m is an intermediate connection point between 
a secondary side first winding 302a and a secondary side 
second winding 302b constituting the secondary side coil 
3O2. 
0048. In FIG. 1, the power supply apparatus 101 includes 
the sensor unit 70. The sensor unit 70 serves as detecting 
means that detects an input/output value Y of at least one of 
the first to fourth input/output ports 60a, 60c. 60b, 60d at 
predetermined detection period intervals and outputs a detec 
tion value Yd corresponding to the detected input/output 
value Y to the control unit 50. The detection value Ya may be 
a detected voltage obtained by detecting the input/output 
Voltage, a detected current obtained by detecting the input/ 
output current, or a detected power obtained by detecting the 
input/output power. The sensor unit 70 may be provided 
either inside or outside the power supply circuit 10. 
0049. The sensor unit 70 includes, for example, a voltage 
detection unit that detects the input/output Voltage generated 
in at least one of the first to fourth input/output ports 60a, 60c, 
60b, 60d. For example, the sensor unit 70 includes a primary 
side Voltage detection unit that outputs at least one detected 
Voltage from among an input/output voltage Va and an input/ 
output Voltage Vc as a primary side Voltage detection value, 
and a secondary side Voltage detection unit that outputs at 
least one detected Voltage from among an input/output Volt 
age Vb and an input/output Voltage Vd as a secondary side 
Voltage detection value. 
0050. The voltage detection unit of the sensor unit 70 
includes, for example, a Voltage sensor that monitors an input/ 
output Voltage value of at least one port, and a Voltage detec 
tion circuit that outputs a detected Voltage corresponding to 
the input/output voltage value monitored by the Voltage sen 
sor to the control unit 50. 
0051. The sensor unit 70 includes, for example, a current 
detection unit that detects the input/output current flowing 
through at least one of the first to fourth input/output ports 
60a, 60c. 60b, 60d. For example, the sensor unit 70 includes 
a primary side current detection unit that outputs at least one 
detected current from among an input/output current Ia and 
an input/output current Ic as a primary side current detection 
value, and a secondary side current detection unit that outputs 
at least one detected current from among an input/output 
current Ib and an input/output current Id as a secondary side 
current detection value. 

0052. The current detection unit of the sensor unit 70 
includes, for example, a current sensor that monitors an input/ 
output current value of at least one port, and a current detec 
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tion circuit that outputs a detected current corresponding to 
the input/output current value monitored by the current sensor 
to the control unit 50. 
0053. The power supply apparatus 101 includes the con 
trol unit 50. For example, the control unit 50 is an electronic 
circuit that includes a microcomputer having an inbuilt cen 
tral processing unit (CPU). The control unit 50 may be pro 
vided either inside or outside the power supply circuit 10. 
0054 The control unit 50 feedback-controls a power con 
version operation performed by the power supply circuit 10 
such that the detected value Yd of the input/output value Y of 
at least one of the first to fourth input/output ports 60a, 60c, 
60b, 60d converges to a target value Yo set in the port. For 
example, the target value Yo is a command value set by the 
control unit 50 or a predetermined apparatus other than the 
control unit 50 on the basis of driving conditions defined in 
relation to the respective loads (the primary side low Voltage 
system load 61c and so on, for example) connected to the 
input/output ports. The target value Yo functions as an output 
target value when power is output from the port and an input 
target value when power is input into the port, and may be a 
target Voltage value, a target current value, or a target power 
value. 

0055. Further, the control unit 50 feedback-controls the 
power conversion operation performed by the power Supply 
circuit 10 such that a transmitted power P transmitted 
between the primary side conversion circuit 20 and the sec 
ondary side conversion circuit 30 via the transformer 400 
converges to a set target transmitted power Po. The transmit 
ted power will also be referred to as power transmission 
amount. The target transmitted power will also be referred to 
as command transmitted power. 
0056. The control unit 50 feedback-controls the power 
conversion operation performed by the power Supply circuit 
10 by varying a value of a predetermined control parameter X, 
and is thus capable of adjusting the respective input/output 
values Y of the first to fourth input/output ports 60a, 60c. 60b, 
60d of the power supply circuit 10. Two control variables, 
namely a phase difference (p and a duty ratio D (an ON time 8) 
are used as the main control parameters X. 
0057 The phase difference p is a deviation (a time lag) 
between Switching timings of identical-phase power conver 
sion circuit units of the primary side full bridge circuit 200 
and the secondary side full bridge circuit 300. The duty ratio 
D (the ON time 8) is a duty ratio (an ON time) between 
Switching waveforms of the respective power conversion cir 
cuit units constituting the primary side full bridge circuit 200 
and the secondary side full bridge circuit 300. 
0058. The two control parameters X can be controlled 
independently of each other. The control unit 50 varies the 
input/output values Y of the respective input/output ports of 
the power supply circuit 10 by performing duty ratio control 
and/or phase control on the primary side full bridge circuit 
200 and the secondary side full bridge circuit 300 using the 
phase difference (p and the duty ratio D (the ON time 8). 
0059 FIG. 2 is a block diagram of the control unit 50. The 
control unit 50 is a control unit having a function for perform 
ing Switching control on the respective Switching elements of 
the primary side conversion circuit 20, Such as the primary 
side first upperarm U1, and the respective Switching elements 
of the secondary side conversion circuit 30, such as the sec 
ondary side first upper arm U2. The control unit 50 is config 
ured to include a power conversion mode determination pro 
cessing unit 502, a phase difference p determination 
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processing unit 504, an ON time 6 determination processing 
unit 506, a primary side switching processing unit 508, and a 
secondary side Switching processing unit 510. For example, 
the control unit 50 is an electronic circuit that includes a 
microcomputer having an inbuilt CPU. 
0060 For example, the power conversion mode determi 
nation processing unit 502 selects and sets an operating mode 
from among power conversion modes A to L of the power 
supply circuit 10, to be described below, on the basis of a 
predetermined external signal (for example, a signal indicat 
ing the deviation between the detected value Ya and the target 
value Yo in one of the ports). As regards the power conversion 
modes, in mode A, power input from the first input/output 
port 60a is converted and output to the second input/output 
port 60c. In mode B, power input from the first input/output 
port 60a is converted and output to the third input/output port 
60b. In mode C, power input from the first input/output port 
60a is converted and output to the fourth input/output port 
60d. 
0061. In mode D, power input from the second input/ 
output port 60c is converted and output to the first input/ 
output port 60a. In mode E, power input from the second 
input/output port 60c is converted and output to the third 
input/output port 60b. In mode F, power input from the second 
input/output port 60c is converted and output to the fourth 
input/output port 60d. 
0062. In mode G, power input from the third input/output 
port 60b is converted and output to the first input/output port 
60a. In mode H, power input from the third input/output port 
60b is converted and output to the second input/output port 
60c. In mode I, power input from the third input/output port 
60b is converted and output to the fourth input/output port 
60d. 
0063. In mode J, power input from the fourth input/output 
port 60d is converted and output to the first input/output port 
60a. In mode K, power input from the fourth input/output port 
60d is converted and output to the second input/output port 
60c. In mode L. power input from the fourth input/output port 
60d is converted and output to the third input/output port 60b. 
0064. The phase difference (p determination processing 
unit 504 has a function for setting a phase difference (p 
between Switching period motions of the Switching elements 
between the primary side conversion circuit 20 and the sec 
ondary side conversion circuit 30 in order to cause the power 
supply circuit 10 to function as a direct current-direct current 
(DC-DC) converter circuit. 
0065. The ON time & determination processing unit 506 
has a function for setting an ON time 8 of the switching 
elements of the primary side conversion circuit 20 and the 
secondary side conversion circuit 30 in order to cause the 
primary side conversion circuit 20 and the secondary side 
conversion circuit 30 to function respectively as step-up/step 
down circuits. 
0066. The primary side switching processing unit 508 has 
a function for performing Switching control on the respective 
Switching elements constituted by the primary side first upper 
arm U1, the primary side first lower arm /U1, the primary side 
second upper arm V1, and the primary side second lower arm 
N1, on the basis of outputs of the power conversion mode 
determination processing unit 502, the phase difference (p 
determination processing unit 504, and the ON time 8 deter 
mination processing unit 506. 
0067. The secondary side switching processing unit 510 
has a function for performing Switching control on the respec 
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tive switching elements constituted by the secondary side first 
upper arm U2, the secondary side first lower arm /U2, the 
secondary side second upper arm V2, and the secondary side 
second lower arm/V2, on the basis of the outputs of the power 
conversion mode determination processing unit 502, the 
phase difference (p determination processing unit 504, and the 
ON time 6 determination processing unit 506. 
0068 <Operation of Power Supply Apparatus 101D 
0069. An operation of the power supply apparatus 101 
having the above configuration will now be described using 
FIGS. 1 and 2. When, for example, an external signal request 
ing an operation in which the power conversion mode of the 
power supply circuit 10 is set at mode F is input, the power 
conversion mode determination processing unit 502 of the 
control unit 50 sets the power conversion mode of the power 
supply circuit 10 to mode F. At this time, a power input into 
the second input/output port 60c is stepped up by a step-up 
function of the primary side conversion circuit 20, whereupon 
the stepped-up power is transmitted to the third input/output 
port 60b side by a DC-DC converter circuit function of the 
power Supply circuit 10, stepped down by a step-down func 
tion of the secondary side conversion circuit 30, and then 
output from the fourth input/output port 60d. 
0070 Here, a step-up/step-down function of the primary 
side conversion circuit 20 will be described in detail. Focus 
ing on the second input/output port 60c and the first input/ 
output port 60a, the terminal 616 of the second input/output 
port 60c is connected to the midpoint 207m of the primary 
side first arm circuit 207 via the primary side first winding 
202a and the primary side first reactor 204a connected in 
series to the primary side first winding 202a. Respective ends 
of the primary side first arm circuit 207 are connected to the 
first input/output port 60a, and as a result, a step-up/step 
down circuit is attached between the terminal 616 of the 
second input/output port 60c and the first input/output port 
60a. 

0071. The terminal 616 of the second input/output port 
60c is also connected to the midpoint 211 m of the primary 
side second arm circuit 211 via the primary side second 
winding 202b and the primary side second reactor 204b con 
nected in series to the primary side second winding 202b. 
Respective ends of the primary side second arm circuit 211 
are connected to the first input/output port 60a, and as a result, 
a step-up/step-down circuit is attached in parallel between the 
terminal 616 of the second input/output port 60c and the first 
input/output port 60a. Note that since the secondary side 
conversion circuit 30 is a circuit having a Substantially iden 
tical configuration to the primary side conversion circuit 20, 
two step-up/step-down circuits are likewise connected in par 
allel between the terminal 622 of the fourth input/output port 
60d and the third input/output port 60b. Hence, the secondary 
side conversion circuit 30 has an identical step-up? step-down 
function to the primary side conversion circuit 20. 
0072 Next, the function of the power supply circuit 10 as 
a DC-DC converter circuit will be described in detail. Focus 
ing on the first input/output port 60a and the third input/output 
port 60b, the primary side full bridge circuit 200 is connected 
to the first input/output port 60a, and the secondary side full 
bridge circuit 300 is connected to the third input/output port 
60b. When the primary side coil 202 provided in the bridge 
part of the primary side full bridge circuit 200 and the sec 
ondary side coil 302 provided in the bridge part of the sec 
ondary side full bridge circuit 300 are magnetically coupled 
by a coupling coefficient k, the transformer 400 functions as 
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a center tapped transformer having a number of windings 
1:N. Hence, by adjusting the phase difference (p between the 
Switching period motions of the Switching elements in the 
primary side full bridge circuit 200 and the secondary side full 
bridge circuit 300, power input into the first input/output port 
60a can be converted and transmitted to the third input/output 
port 60b or power input into the third input/output port 60b 
can be converted and transmitted to the first input/output port 
60a. 

0073 FIG. 3 is a view showing a timing chart of ON/OFF 
switching waveforms of the respective arms provided in the 
power supply circuit 10 resulting from control executed by 
the control unit 50. In FIG. 3, U1 is an ON/OFF waveform of 
the primary side first upper arm U1, V1 is an ON/OFF wave 
form of the primary side second upper arm V1, U2 is an 
ON/OFF waveform of the secondary side first upper arm U2, 
and V2 is an ON/OFF waveform of the secondary side second 
upper arm V2. ON/OFF waveforms of the primary side first 
lower arm /U1, the primary side second lower arm N1, the 
secondary side first lower arm /U2, and the secondary side 
second lower arm /V2 are inverted waveforms (not shown) 
obtained by respectively inverting the ON/OFF waveforms of 
the primary side first upper arm U1, the primary side second 
upper arm V1, the secondary side first upper arm U2, and the 
secondary side second upper arm V2. Note that dead time is 
preferably provided between the respective ON/OFF wave 
forms of the upper and lower arms to prevent a through 
current from flowing when both the upper and lower arms are 
switched ON. Further, in FIG.3, a high level indicates an ON 
condition and a low level indicates an OFF condition. 
0074. Here, by modifying the respective ON times 8 of 
U1, V1, U2, and V2, step-up/step-down ratios of the primary 
side conversion circuit 20 and the secondary side conversion 
circuit 30 can be modified. For example, by making the 
respective ON times 8 of U1, V1, U2, and V2 equal to each 
other, the step-up/step-down ratio of the primary side conver 
sion circuit 20 can be made equal to the step-up? step-down 
ratio of the secondary side conversion circuit 30. 
0075. The ON time & determination processing unit 506 
makes the respective ON times 8 of U1, V1, U2, and V2 equal 
to each other (respective ON times 8- primary side ON time 
611-secondary side ON time 812-time value C.) so that the 
respective step-up/step-down ratios of the primary side con 
version circuit 20 and the secondary side conversion circuit 
30 are equal to each other. 
0076. The step-up/step-down ratio of the primary side 
conversion circuit 20 is determined by the duty ratio D, which 
is a proportion of a Switching period T of the Switching 
elements (arms) constituting the primary side full bridge cir 
cuit 200 occupied by the ON time 6. Similarly, the step-up/ 
step-down ratio of the secondary side conversion circuit 30 is 
determined by the duty ratio D, which is a proportion of the 
Switching period T of the Switching elements (arms) consti 
tuting the secondary side full bridge circuit 300 occupied by 
the ON time 6. The step-up/step-down ratio of the primary 
side conversion circuit 20 is a transformation ratio between 
the first input/output port 60a and the second input/output 
port 60c, while the step-up/step-down ratio of the secondary 
side conversion circuit 30 is a transformation ratio between 
the third input/output port 60b and the fourth input/output 
port 60d. 
0077. Therefore, for example, it is expressed as: the step 
up/step-down ratio of the primary side conversion circuit 
20=the voltage of the second input/output port 60c/the volt 
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age of the first input/output port 60a-611/T-C/T, and the 
step-up? step-down ratio of the secondary side conversion cir 
cuit 30=the voltage of the fourth input/output port 60d/the 
voltage of the third input/output port 60b-ö12/T-C/T. In 
other words, the respective step-up/step-down ratios of the 
primary side conversion circuit 20 and the secondary side 
conversion circuit 30 take identical values (C/T). 
(0078. Note that the ON time 8 in FIG.3 represents both the 
ON time 611 of the primary side first upper arm U11 and the 
primary side second upper armV1 and the ON time 612 of the 
secondary side first upper arm U2 and the secondary side 
second upper arm V2. Further, the switching period T of the 
arms constituting the primary side full bridge circuit 200 and 
the Switching period T of the arms constituting the secondary 
side full bridge circuit 300 are equal times. 
(0079. Furthermore, a phase difference between U1 and V1 
is activated at 180 degrees (t), and a phase difference between 
U2 and V2 is likewise activated at 180 degrees (t). The phase 
difference between U1 and V1 is a time difference between a 
timing t2 and a timing t6, and the phase difference between 
U2 and V2 is a time difference between a timing t1 and a 
timing t5. 
0080 Moreover, by changing at least one of a phase dif 
ference (pu between U1 and U2 and a phase difference (pV 
between V1 and V2, the transmitted power P that is transmit 
ted between the primary side conversion circuit 20 and the 
secondary side conversion circuit 30 can be adjusted. The 
phase difference (pu is a time difference between the timingtl 
and the timing t2, and the phase difference (pV is a time 
difference between the timing t5 and the timing té. 
I0081. The control unit 50 is an example of a control unit 
for controlling the transmitted power P that is transmitted 
between the primary side full bridge circuit 200 and the 
secondary side full bridge circuit 300 via the transformer 400 
by adjusting the phase difference (pu and the phase difference 
(pV. 
I0082. The phase difference (pu is a time difference between 
switching of the primary side first arm circuit 207 and switch 
ing of the secondary side first arm circuit 307. For example, 
the phase difference (pu is a difference between the turn-on 
timing t2 of the primary side first upper arm U1 and the 
turn-on timing til of the secondary side first upper arm U2. 
The control unit 50 controls the switching of the primary side 
first arm circuit 207 and the switching of the secondary side 
first arm circuit 307 in an identical-phase with each other (that 
is, in the Uphase). Similarly, the phase difference (pV is a time 
difference between switching of the primary side second arm 
circuit 211 and Switching of the secondary side second arm 
circuit 311. For example, the phase difference (pV is a differ 
ence between the turn-on timing t6 of the primary side second 
upper arm V1 and the turn-on timing t5 of the secondary side 
second upper armV2. The control unit 50 controls the switch 
ing of the primary side secondarm circuit 211 and the Switch 
ing of the secondary side second arm circuit 311 in an iden 
tical-phase with each other (that is, in the V phase). 
I0083. When the phase difference (pud-0 or the phase differ 
ence (pV-0, the transmitted power P can be transmitted from 
the primary side conversion circuit 20 to the secondary side 
conversion circuit 30, and when the phase difference (pu-O or 
the phase difference (pV<0, the transmitted power P can be 
transmitted from the secondary side conversion circuit 30 to 
the primary side conversion circuit 20. That is, between iden 
tical-phase power conversion circuit units of the primary side 
full bridge circuit 200 and the secondary side full bridge 
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circuit 300, the transmitted power P is transmitted from the 
full bridge circuit of the power conversion circuit unit includ 
ing an upper arm that is turned on first to the full bridge circuit 
of the power conversion circuit unit including an upper arm 
that is turned on later. 

0084. For example, in FIG. 3, the turn-on timing t1 of the 
secondary side first upper arm U2 is earlier than the turn-on 
timing t2 of the primary side first upper arm U1. Therefore, 
the transmitted power P is transmitted from the secondary 
side full bridge circuit 300 including the secondary side first 
arm circuit 307 having the secondary side first upper arm U2 
to the primary side full bridge circuit 200 including the pri 
mary side first arm circuit 207 having the primary side first 
upper arm U1. Similarly, the turn-on timing t5 of the second 
ary side second upper arm V2 is earlier than the turn-on 
timing t6 of the primary side second upper armV1. Therefore, 
the transmitted power P is transmitted from the secondary 
side full bridge circuit 300 including the secondary side sec 
ond arm circuit 311 having the secondary side second upper 
arm V2 to the primary side full bridge circuit 200 including 
the primary side second arm circuit 211 having the primary 
side second upper arm V1. 
0085. The phase difference p is a deviation (a time lag) 
between the Switching timings of the identical-phase power 
conversion circuit units of the primary side full bridge circuit 
200 and the secondary side full bridge circuit 300. For 
example, the phase difference (pu is a deviation between the 
switching timings of the phases corresponding to the primary 
side first arm circuit 207 and the secondary side first arm 
circuit 307, and the phase difference (pV is a deviation between 
the Switching timings of the phases corresponding to the 
primary side second arm circuit 211 and the secondary side 
second arm circuit 311. 

I0086. The control unit 50 typically performs a control in a 
state that the phase difference (pu and the phase difference (pV 
are equal to each other. However, the control unit 50 may also 
perform the control in a state that the phase difference (pu and 
the phase difference (pV are offset from one another within a 
range in which an accuracy required for the transmitted power 
P is satisfied. That is, the phase difference (pu and the phase 
difference (pV are typically controlled to be values equal to 
each other, whereas if the accuracy required for the transmit 
ted power P is satisfied, the phase difference (pu and the phase 
difference (pV may be controlled to be values different from 
each other. 

0087 Hence, when, for example, an external signal 
requesting an operation in which the power conversion mode 
of the power supply circuit 10 is set at mode F is input, the 
power conversion mode determination processing unit 502 
selects and sets mode F. The ON time 6 determination pro 
cessing unit 506 then sets the ON time 8 to define a step-up 
ratio required when the primary side conversion circuit 20 is 
caused to function as a step-up circuit that steps up the Voltage 
input into the second input/output port 60c and outputs the 
stepped-up voltage to the first input/output port 60a. Note that 
the secondary side conversion circuit 30 functions as a step 
down circuit that steps down the voltage input into the third 
input/output port 60b at a step-down ratio defined according 
to the ON time 8 set by the ON time 6 determination process 
ing unit 506, and outputs the stepped-down voltage to the 
fourth input/output port 60d. Further, the phase difference (p 
determination processing unit 504 sets the phase difference (p 
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such that the power input into the first input/output port 60a is 
transmitted to the third input/output port 60b in the desired 
power transmission amount P. 
I0088. The primary side switching processing unit 508 per 
forms Switching control on the respective Switching elements 
constituted by the primary side first upper arm U1, the pri 
mary side first lower arm /U1, the primary side second upper 
arm V1, and the primary side second lower arm N1 to cause 
the primary side conversion circuit 20 to function as a step-up 
circuit and to cause the primary side conversion circuit 20 to 
function as a part of a DC-DC converter circuit. 
I0089. The secondary side switching processing unit 510 
performs Switching control on the respective Switching ele 
ments constituted by the secondary side first upper arm U2, 
the secondary side first lower arm /U2, the secondary side 
second upper arm V2, and the secondary side second lower 
arm /V2 to cause the secondary side conversion circuit 30 to 
function as a step-down circuit and to cause the secondary 
side conversion circuit 30 to function as a part of a DC-DC 
converter circuit. 

0090. As described above, the primary side conversion 
circuit 20 and the secondary side conversion circuit 30 can be 
caused to function as a step-up circuit or a step-down circuit, 
and the power Supply circuit 10 can be caused to function as 
a bidirectional DC-DC converter circuit. Therefore, power 
conversion can be performed in all of the power conversion 
modes A to L, or in other words, power conversion can be 
performed between two input/output ports selected from the 
four input/output ports. 
(0091. The transmitted power P (also referred to as the 
power transmission amount P) adjusted by the control unit 50 
in accordance with the phase difference p is power transmit 
ted from one of the primary side conversion circuit 20 and the 
secondary side conversion circuit 30 to the other via the 
transformer 400, and is expressed as 

0092. Further, N is a winding ratio of the transformer 400, 
Va is the input/output voltage of the first input/output port 
60a, Vb is the input/output voltage of the third input/output 
port 60b, tis pi, ()(-2txf-2J/T) is an angular frequency of 
the Switching operations of the primary side conversion cir 
cuit 20 and the secondary side conversion circuit 30, f is a 
Switching frequency of the primary side conversion circuit 20 
and the secondary side conversion circuit 30, T is the switch 
ing period of the primary side conversion circuit 20 and the 
secondary side conversion circuit 30, L is an equivalent 
inductance of the magnetic coupling reactors 204,304 and the 
transformer 400 relating to power transmission, and F (D, (p) 
is a function having the duty ratio D and the phase difference 
(p as variables and a variable that increases monotonically as 
the phase difference (p increases, independently of the duty 
ratio D. The duty ratio D and the phase difference (p are 
control parameters designed to vary within a range sand 
wiched between predetermined upper and lower limit values. 
(0093. The control unit 50 varies the phase difference (p 
Such that a port Voltage Vp of at least one predetermined port 
of the primary side ports and the secondary side ports con 
Verges to a target port Voltage Vo, thereby to adjust the trans 
mitted power P. Therefore, even if the current consumed by a 
load connected to the predetermined port increases, the con 
trol unit 50 can adjust the transmitted power P by changing 
the phase difference (p, thereby to prevent the port voltage Vp 
from decreasing with respect to the target port Voltage Vo. 

Equation 1 
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0094 For example, the control unit 50 changes the phase 
difference (p such that a port Voltage Vp of one port that is the 
transmission destination of the transmitted power P of the 
primary side ports and the secondary side ports converges to 
a target port Voltage Vo, thereby to adjust the transmitted 
power P. Therefore, even if the current consumed by a load 
connected to the port that is the transmission destination of 
the transmitted power P increases, the control unit 50 may 
adjust the transmitted power P in an increase direction by 
changing the phase difference (p to increase, thereby to pre 
vent the port voltage Vp from decreasing with respect to the 
target port Voltage Vo. 

<Method for Starting Up Power Conversion Apparatus 
0095 FIG. 4 is a flowchart showing an example of a 
method for starting up the power Supply apparatus 101. The 
control unit 50 can Suppress an inrush current flowing from a 
power supply at periphery of the power supply circuit 10 into 
the respective capacitors by connecting the power Supply at 
periphery of the power supply circuit 10 to the respective 
ports after the capacitors of the respective ports are charged to 
a predetermined value (for example, a fully charged level) in 
the procedure shown in FIG. 4. 
0096 FIG. 5 is a timing chart showing an example of 
operations of the power supply apparatus 101 when the power 
Supply apparatus 101 is started up by the starting up method 
shown in FIG. 4. S10, S20, S30, S40, S50 that are indicated on 
a time axis of FIG. 5 correspond to timings when respective 
steps S10, S20, S30, S40, S50 of FIG. 4 are executed. In FIG. 
5, eight pulse waveforms such as U1 indicate ON/OFF wave 
forms of respective arms such as the upper arm U1, and Va 
(C1), Vb (C2), Vd (C4) indicate voltage waveforms of the port 
voltages Va, Vb, Vd respectively. The port voltage Va is a 
Voltage of the port 60a, and is equal to a Voltage of the 
capacitor C1. The port voltage Vb is a voltage of the port 60b, 
and is equal to a Voltage of the capacitor C2. The port Voltage 
Vd is a voltage of the port 60d, and is equal to a voltage of the 
capacitor C4. 
0097. In step S10 of FIG. 4, as shown in FIG. 6, the 
capacitor C1 that is connected to the port 60a is charged by the 
control unit 50 via the center tap 202m with the powerPC that 
is input to the port 60c from the power supply 62c that is 
connected to the port 60c. When the capacitor C1 is charged 
in step S10, the control unit 50 can suppress a magnitude of an 
inrush current flowing to the capacitor C1 from the power 
Supply 62c via the center tap 202m by causing at least one of 
the upper arm U1 and the upper armV1 to operate in an active 
region. 
0098. The active region (also referred to as “an activated 
region') is an operation region in which a Switching element 
is conductive with a predetermined resistance value R or 
more when a gate Voltage of the Switching element is within 
a range in which it is equal to or higher than a gate threshold 
Voltage and is equal to or lower than a predetermined Voltage 
value Vith. The predetermined voltage value Vth is a voltage 
value that is lower than the gate Voltage in a steady state after 
starting up of the power Supply apparatus 101 is completed, 
for example, a Voltage value during a mirror period before the 
Switching element enters a saturation region. 
0099. When the switching element operates in the active 
region, the Switching element is in a state where it is conduc 
tive with the resistance value R or more. The active region 
may also be referred to as a half-ON state indicating an 
intermediate state of ON and OFF states of the switching 
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element. The active region contains an amplifying operation 
region in which a resistance value of the Switching element 
decreases linearly and a current flowing to the Switching 
element increases linearly as the gate Voltage or a base current 
increases. 
0100 That is, the control unit 50 causes the switching 
element to function as a current limiting resistor with a vari 
able resistance value by adjusting the gate Voltage or the base 
current of the Switching element to a value for operating in the 
active region during an extremely short period of charging the 
capacitor when the power Supply apparatus 101 is started up. 
0101. Note that, as for a target value of a resistance com 
ponent of the Switching element or a current flowing in the 
Switching element, that is, a target value of the gate Voltage or 
the base current, it may be determined according to a heat 
resistant specification, an allowable current amount, and the 
like of the Switching element, for example, in only consider 
ation of heat generation of the Switching element that oper 
ates in the active region. Specifically, the target value of the 
gate Voltage or the base current may be determined such that 
temperature that is estimated from a power consumption of 
the Switching element, a thermal resistance of a package of 
the Switching element, and the like is equal to or lower than 
heat-resistant specification temperature. 
0102 Therefore, in FIG. 6, a charging current supplied to 
the capacitor C1 via the center tap 202m from the power 
supply 62c is suppressed by the upper arm U1 or V1 that 
operates in the active region. Thus, by at least one of the upper 
arm U1 and the upper arm V1 operating in the active region, 
it is possible to Suppress the magnitude of the inrush current 
flowing to the capacitor C1 from the power supply 62c via the 
center tap 202m. 
(0103 FIGS.5 and 6 show the case where, in step S10 from 
a timing t11 to a timingtl2, the control unit 50 causes only the 
upper arm U1 to operate in the active region and Switches all 
the remaining seven arms such as the upper arm V1 OFF. By 
the control unit 50 causing only the upper arm U1 to operate 
in the active region, as shown in FIG. 6, the charging current 
supplied to the capacitor C1 via the center tap 202m from the 
power Supply 62c flows in a path that goes through the wind 
ing 202a, the reactor 204a and the upper arm U1. 
0104. In step S10, the control unit 50 may also cause the 
upper arm U1 and the upper arm V1 both to operate in the 
active region. By the upper arm U1 and the upper armV1 both 
operating in the active region, it is possible to shorten a time 
for charging the capacitor C1 while a current limitation is 
effected. Thus, it is possible to suppress the inrush current of 
the capacitor C1 and shorten the time until the starting up of 
the power Supply apparatus 101 is completed. 
0105. Note that, a configuration not having the diodes 81, 
83 in the upper arms U1, V1 is effective in suppression of the 
inrush current of the capacitor C1. However, even in a con 
figuration having the diodes 81, 83 in the upper arms U1, V1, 
the control unit 50 may also suppress the inrush current of the 
capacitor C1 by causing the upper arm U1 or the upper arm 
V1 to operate in the active region. A preferred example of the 
configuration having the diodes 81, 83 in the upper arms U1, 
V1 will be described later. 
0106 Further, in FIG. 1, although a switch93 is inserted 
between the power supply 62c and the terminal 616 of the port 
60c, the switch 93 may be omitted. The switch 93 is an 
example of a unit for permitting power input and output 
between the power supply 62c and the port 60c. For example, 
when the switch 93 is turned on by the control unit 50, the 



US 2015/0263.633 A1 

power input and output is permitted, and when the switch 93 
is turned offby the control unit 50, the power input and output 
is inhibited. The control unit 50, for example, turns on the 
switch93 before the starting up timing t11 (see FIG. 5) of the 
power Supply apparatus 101. 
0107. In step S20 of FIG.4, the control unit 50 determines 
whether the capacitor C1 is being charged until the port 
voltage Va is detected to be a specified predetermined value 
X1 or more. The predetermined value X1 is, for example, a 
detected value of the port voltage Vc detected by the sensor 
unit 70, and is a threshold value that is substantially equal to 
a Supply Voltage of the power Supply 62c (for example, 12V). 
0108. The control unit 50 continues the processing of step 
S10 until the port voltage Va is detected by the sensor unit 70 
to be the predetermined value X1 or more. The processing of 
step S30 is performed when the port voltage Va is detected by 
the sensor unit 70 to be the predetermined value X1 or more. 
0109. In step S30 of FIG.4, the control unit 50 controls the 
four arms of the secondary side full bridge circuit 300 to 
transmit the transmitted power P to the secondary side full 
bridge circuit 300 (see FIG.5) while controlling the four arms 
of the primary side full bridge circuit 200 to increase the port 
voltage Va from the predetermined value X1 to a specified 
predetermined value X2. The predetermined value X2 is a 
value greater than the predetermined value X1, for example, 
a threshold value that is equal to a normal voltage of the port 
60a (for example, 48V corresponding to the voltage system of 
the load 61a). 
0110. The control unit 50 can charge the capacitor C2 that 

is connected to the port 60b and the capacitor C4 that is 
connected to the port 60d at the same time by adjusting the 
phase difference (p to transmit the transmitter power P from 
the primary side full bridge circuit 200 to the secondary side 
full bridge circuit 300. Further, although the phase difference 
cp is not clearly shown in FIG. 5, the control unit 50 turns on 
and off the eight arms as shown in FIG.3 during step S30 from 
a timing til3 to a timing t14. So as to transmit the transmitted 
power P corresponding to the phase difference (p. 
0111 FIG. 7 shows a direction and a path of the charging 
current of the capacitors C1, C2, C4 when the upper arm U1, 
the lower arm N1, the upper arm U2 and the lower arm/V2 are 
turned on and the remaining four arms are turned off during a 
period from the timing til3 to the timing t|4 in FIG. 5. FIG. 8 
shows a direction and a path of the charging current of the 
capacitors C1, C2, C4 when the upper arm V1, the lower arm 
/U1, the upper arm V2 and the lower arm /U2 are turned on 
and the remaining four arms are turned off during the period 
from the timing t13 to the timing t|4 in FIG. 5. The control 
unit 50 controls the eight arms to be turned on and off during 
the period from the timing t13 to the timing t|4, so that states 
shown in FIGS. 7 and 8 are alternately repeated. 
0112. In step S30, the control unit 50 controls the ON time 
8 of each arm of the primary side full bridge circuit 200 with 
the duty ratio D, thereby to step up the power Pc that is input 
to the port 60c and output the stepped up power Pa to the port 
60a. The control unit 50 gradually increases the port voltage 
Va with the stepped up power Pa, from the port voltage Va is 
detected by the sensor unit 70 to be the predetermined value 
X1 or more until the port voltage Va is detected by the sensor 
unit 70 to be the predetermined value X2 or more (see FIG.5). 
The control unit 50 may also switch the four arms of the 
primary side full bridge circuit 200 that are turned on with the 
duty ratio DON completely in the saturation region when 

Sep. 17, 2015 

raising the port voltage Va from the predetermined value X1 
to the predetermined value X2 
0113. The saturation region is referred to an operation 
region in which the Switching element is conductive with a 
value less than the predetermined resistance value R. When 
the Switching element is turned on completely in the satura 
tion region, the Switching element is in a state where it is 
conductive with a value less than the resistance value R. 
0114. The control unit 50 also controls the ON time 8 of 
the four arms of the secondary side full bridge circuit 300 with 
the same duty ratio D as that of each arm of the primary side 
full bridge circuit 200, when raising the port voltage Va from 
the predetermined value X1 to the predetermined value X2 in 
step S30, to transmit the transmitted power P. When turning 
on one upper arm of the secondary side full bridge circuit 300, 
as shown in FIG. 7 or 8, the control unit 50 turns on one lower 
arm that is arranged in a phase opposite to that of the one 
upper arm. 
0.115. In step S30, the control unit 50 charges the capacitor 
C2 with the transmitted power P that is transmitted via the 
transformer 400 while performing a step up operation of 
stepping up the power Pc that is input to the port 60c and 
outputting the stepped up power Pa to the port 60a. When 
charging the capacitor C2 with the transmitted power P that is 
transmitted while the step up operation is performed, the 
control unit 50 can suppress the magnitude of the inrush 
current flowing to the capacitor C2 based on the transmitted 
power P by causing at least one of the upper arm U2 and the 
upper arm V2 to operate in the active region. Further, it is 
possible to Suppress the magnitude of the inrush current flow 
ing to the capacitor C2 from the power supply 62b via the port 
60b, even if the power supply 62b is connected to the port 60b 
through a Switch92, as the capacitor C2 can be pre-charged 
before the power supply 62b is connected to the port 60b 
through the switch92. 
0116 Note that, a configuration not having the diodes 87. 
85 in the upper arms U2, V2 is effective in suppression of the 
inrush current of the capacitor C2. However, even in a con 
figuration having the diodes 87, 85 in the upper arms U2, V2. 
the control unit 50 may also suppress the inrush current of the 
capacitor C2 by causing the upper arm U2 or the upper arm 
V2 to operate in the active region. A preferred example of the 
configuration having the diodes 87, 85 in the upper arms U2, 
V2 will be described later. 
0117 The switch92 is inserted between the power supply 
62b and the terminal 618 of the port 60b. The switch92 is an 
example of a unit for permitting power input and output 
between the power supply 62b and the port 60b. For example, 
when the switch 92 is turned on by the control unit 50, the 
power input and output is permitted, and when the switch 92 
is turned offby the control unit 50, the power input and output 
is inhibited. 
0118. Since the control unit 50 allows a power supplied by 
the power supply 62b to be input from the port 60b, for 
example, when the port voltage Vb is detected by the sensor 
unit 70 to be a specified predetermined value X3 or more, the 
switch 92 is turned on. The predetermined value X3 is, for 
example, a threshold value that is equal to a normal Voltage of 
the port 60b (for example, 288V corresponding to the voltage 
system of the load 61b or the power supply 62b). 
0119 Similarly, in step S30, the control unit 50 charges the 
capacitor C4 with the transmitted power P that is transmitted 
via the transformer 400 while performing a step up operation 
of stepping up the power Pc that is input to the port 60c and 
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outputting the stepped up power Pa to the port 60a. When 
charging the capacitor C4 with the transmitted power P that is 
transmitted while the step up operation is performed, the 
control unit 50 can suppress the magnitude of the inrush 
current flowing to the capacitor C4 based on the transmitted 
power P by causing at least one of the lower arm /U2 and the 
lower arm /V2 to operate in the active region. Further, it is 
possible to suppress the magnitude of the inrush current flow 
ing to the capacitor C4 from the power supply 62d via the port 
60d, even if the power supply 62d is connected to the port 60d 
through a Switch94, as the capacitor C4 can be pre-charged 
before the power supply 62d is connected to the port 60d 
through the switch94. 
0120 Note that, a configuration not having the diodes 88, 
88 in the lower arms/U2, /V2 is effective in suppression of the 
inrush current of the capacitor C4. However, even in a con 
figuration having the diodes 88, 86 in the lower arms /U2, 
/V2, the control unit 50 may also suppress the inrush current 
of the capacitor C4 by causing the lower arm /U2 or the lower 
arm /V2 to operate in the active region. A preferred example 
of the configuration having the diodes 88, 86 in the lower 
arms /U2, /V2 will be described later. 
0121 The switch94 is inserted between the power supply 
62d and the terminal 622 of the port 60d. The switch94 is an 
example of a unit for permitting power input and output 
between the power supply 62d and the port 60d. For example, 
when the switch 94 is turned on by the control unit 50, the 
power input and output is permitted, and when the switch94 
is turned offby the control unit 50, the power input and output 
is inhibited. 
0122 Since the control unit 50 allows a power supplied by 
the power supply 62d to be input from the port 60d, for 
example, when the port voltage Vd is detected by the sensor 
unit 70 to be a specified predetermined value X4 or more, the 
switch 94 is turned on. The predetermined value X4 is, for 
example, a threshold value that is equal to a normal Voltage of 
the port 60d (for example, 72V corresponding to the voltage 
system of the load 61d or the power supply 62d). 
(0123. Further, in step S30, the control unit 50 may also 
switch the lower arms /U2, /V2 of the secondary side full 
bridge circuit 300 that are turned on with the duty ratio DON 
completely in the saturation region (see FIG. 5). If there are 
the diodes 88, 86, it is also possible to turn off the lower arms 
/U2, /V2 always. 
0.124. Further, the control unit 50 may also charge the 
capacitor C2 or C4 with the transmitted power P that is 
transmitted to the secondary side full bridge circuit 300 while 
the step up operation of the primary side full bridge circuit 
200 is performed after the timing t14 that the port voltage Va 
gradually increases to reach the predetermined value X2 with 
the stepped up power Pa. However, the control unit 50 can 
shorten the time until a timing t|15 that the starting up of the 
power Supply apparatus 101 is completed by charging the 
capacitor C2 or C4 with the transmitted power P that is 
transmitted during the port Voltage Va gradually increases 
with the stepped up power Paas shown in FIG. 5 (the period 
from the timing t13 to the timing t14). 
0125 Further, in step S30, for example, the control unit 50 
may also gradually increase the duty ratio D of time for which 
the four arms of the primary side full bridge circuit 200 are 
tuned on as shown in FIG. 5, and charge the capacitor C1 with 
the stepped up power Pa. The control unit 50 can improve the 
effect of Suppressing the magnitude of the inrush current 
flowing to the capacitor C1 via the center tap 202m from the 
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power Supply 62c by gradually increasing the duty ratio Dand 
charging the capacitor C1 with the stepped up power Pa. 
0.126 Similarly, in step S30, for example, the control unit 
50 may also gradually increase the duty ratio D of time for 
which the two upper arms V2, U2 of the secondary side full 
bridge circuit 300 operate in the active region, and charge the 
capacitor C2 with the transmitted power P. The control unit 50 
can improve the effect of Suppressing the magnitude of the 
inrush current flowing to the capacitor C2 based on the trans 
mitted power P by gradually increasing the duty ratio D and 
charging the capacitor C2 with the transmitted power P. 
I0127. Similarly, in step S30, for example, the control unit 
50 may also gradually increase the duty ratio D of time for 
which the two lower arms/V2, /U2 of the secondary side full 
bridge circuit 300 operate in the active region, and charge the 
capacitor C4 with the transmitted power P. The control unit 50 
can improve the effect of Suppressing the magnitude of the 
inrush current flowing to the capacitor C4 based on the trans 
mitted power P by gradually increasing the duty ratio D and 
charging the capacitor C4 with the transmitted power P. 
I0128 FIG. 9 is a diagram showing an example of an 
ON/OFF waveform of the arms when the duty ratio D is 
constant, and an example of an ON/OFF waveform of the 
arms when the duty ratio D gradually increases. 
I0129. In FIG. 9, the ON/OFF waveform when the duty 
ratio D is constant shows the case where the control unit 50 
performs a normal control of adjusting the transmitted power 
P or the duty ratio D to make a feedback value of the port 
Voltage Vp of each port coincide with the target port voltage 
Vo. In the case where the voltage of the capacitor connected to 
each port is very low relative to the target port voltage Vo 
when the power Supply apparatus 101 is started up, the control 
unit 50 increases the duty ratio D to the maximum extent from 
start of the feedback control so that the feedback value of the 
port Voltage Vp rapidly coincides with the target port Voltage 
Vo. Therefore, it is likely to increase the inrush current flow 
ing to the capacitor. 
0.130. In contrast, the control unit 50 can improve the 
effect of Suppressing the magnitude of the inrush current 
flowing to the capacitor by gradually increasing the duty ratio 
D at a predetermined increasing rate instead of performing 
the feedback control of making the feedback value of the port 
Voltage Vp coincide with the target port Voltage Vo. Alterna 
tively, a time required to charge the capacitor is pre-derived 
analytically or experimentally according to a capacity of the 
capacitor, and the control unit 50 gradually increases the duty 
ratio D such that the pre-derived time reaches a stable target 
duty ratio, which can improve the effect of Suppressing the 
inrush current of the capacitor. 
I0131. In step S40 of FIG.4, the control unit 50 allows the 
power supplied by the power supply 62b to be input from the 
port 60b when the port voltage Va is detected by the sensor 
unit 70 to be the predetermined value X2 or more and the port 
voltage Vb is detected by the sensor unit 70 to be the prede 
termined value X3 or more (step S50). Therefore, it is pos 
sible to Suppress the inrush current flowing to the capacitor 
C2 from the power supply 62b. Similarly, the control unit 50 
allows a power supplied by the power supply 62d to be input 
from the port 60d when the port voltage Va is detected by the 
sensor unit 70 to be the predetermined value X2 or more and 
the port voltage Vd is detected by the sensor unit 70 to be the 
predetermined value X4 or more (step S50). Therefore, it is 
possible to Suppress the inrush current flowing to the capaci 
tor C4 from the power supply 62d. 



US 2015/0263.633 A1 

(0132) In step S50, for example, the control unit 50 the 
normal control of adjusting the transmitted power P or the 
duty ratio D to make the feedback value of the port voltage Vp 
of each port coincide with the target port voltage Vo after the 
timing t|5 that is shown in FIG. 5. On the other hand, if the 
condition of step S40 is not satisfied, the control unit 50 
continues the processing of step S30 of charging the capacitor 
C2 or C4. 
0.133 FIG. 10 shows a preferred example of a configura 
tion having a diode in the upper arm, and shows a configura 
tion having diodes 87, 85 in the upper arms U2, V2 of the 
secondary side. In the case of FIG. 10, the secondary side full 
bridge circuit 300 includes a Uphase upper arm in which the 
upper arm U2 and an upper arm U22 are connected in series, 
and a V phase upper arm in which the upper arm V2 and an 
upper arm V22 are connected in series. The upper arm U2 is 
an example of a first switching element having a first diode 87 
provided in parallel with a direction for charging the capacitor 
C2 as a forward direction, and the upper U22 is an example of 
a second Switching element having a second diode 187 pro 
vided in parallel with a direction opposite to the direction of 
the first diode 87 as the forward direction. Similarly, the upper 
armV2 is an example of the first Switching element having the 
first diode 85 provided in parallel with the direction for charg 
ing the capacitor C2 as the forward direction, and the upper 
arm V22 is an example of the second Switching element 
having the second diode 185 provided in parallel with a 
direction opposite to the direction of the first diode 85 as the 
forward direction. 
0134. When charging the capacitor C2 with the transmit 
ted power P, the control unit 50 can suppress the inrush 
current of the capacitor C2 flowing through the upper arm 
0135 U22 or V22 via the diode 85 or 87 by causing the 
upper arm U22 or the upper arm V22 to operate in the active 
region in a state where the upper arms U2 and V2 are turned 
Off 
0.136 Further, the configuration of FIG. 10 is also appli 
cable to the case where there are diodes 81, 83 in the primary 
side upper arms U1, V1. The description of the primary side 
upper arm is incorporated by with reference to the above 
description of the secondary side upper arm. 
0.137 FIG. 11 shows a preferred example of a configura 
tion having a diode in the lower arm, and shows a configura 
tion having diodes 88, 86 in the lower arms /U2, /V2 of the 
secondary side. In the case of FIG. 11, the secondary side full 
bridge circuit 300 includes a Uphase lower arm in which the 
lower armfU2 and an lower armfU22 are connected in series, 
and a V phase lower arm in which the lower arm /V2 and an 
lower arm (V22 are connected in series. The lower armfU2 is 
an example of a third Switching element having a third diode 
88 provided in parallel with a direction for charging the 
capacitor C4 as a forward direction, and the lower /U22 is an 
example of a fourth Switching element having a fourth diode 
188 provided in parallel with a direction opposite to the 
direction of the third diode 88 as the forward direction. Simi 
larly, the lower arm /V2 is an example of the third switching 
element having the third diode 86 provided in parallel with 
the direction for charging the capacitor C4 as the forward 
direction, and the lower arm /V22 is an example of the fourth 
switching element having the fourth diode 186 provided in 
parallel with a direction opposite to the direction of the third 
diode 86 as the forward direction. 
0.138. When charging the capacitor C4 with the transmit 
ted power P, the control unit 50 can suppress the inrush 
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current of the capacitor C4 flowing through the lower arm 
/U22 or /V22 via the diode 88 or 86 by causing the lower arm 
/U22 or the lower arm /V22 to operate in the active region in 
a state where the lower arms /U2 and /V2 are turned off 
0.139. Further, the configuration of FIG. 11 is also appli 
cable to the case where there are diodes 82, 84 in the primary 
side lower arms /U1, /V1. The description of the primary side 
lower arm is incorporated by with reference to the above 
description of the secondary side lower arm. 
0140 FIG. 12 is a diagram showing that depending on 
current or temperature in any arm of the primary side full 
bridge circuit 200 or the secondary side full bridge circuit 
300, the control unit 50 interrupts the operation of causing the 
arm to operate in the active region. At a timing when the 
current or temperature of the arm that is operating in the active 
region is detected by the sensor unit 70 to be a predetermined 
upper limit value or more, the control unit 50 may also turn off 
temporarily a driving command value of the arm, and cause 
the arm to operate in the active region again after a predeter 
mined time has elapsed since it was turned off temporarily. 
Therefore, it is possible to prevent a failure of the arm due to 
an overcurrent or overheating. 
0.141. An embodiment of the power conversion apparatus 
and the method for starting up the same was described above, 
but the invention is not limited to the above embodiment, and 
various amendments and improvements, such as combining 
or replacing the above embodiment either partially or wholly 
with another embodiment, may be implemented within the 
scope of the invention. 
0.142 For example, in the above embodiment, a MOSFET, 
which is a semiconductor element subjected to an ON/OFF 
operation, was cited as an example of the Switching element. 
However, the Switching element may be a Voltage control 
type power element using an insulating gate Such as an insu 
lated gate bipolar transistor (IGBT) or a MOSFET, or a bipo 
lar transistor, for example. 
0.143 Further, a power supply may be connected to the 

first input/output port 60a. Further, a power supply may be 
connected to the third input/output port 60b, and a power 
Supply need not be connected to the fourth input/output port 
60d. Further, a power supply need not be connected to the 
third input/output port 60b, and a power Supply may be con 
nected to the fourth input/output port 60d. 
0144. Further, the present invention is suitable for a power 
conversion apparatus that has a plurality of, at least three or 
more, input/output ports and is capable of converting power 
between any two input/output ports of the plurality of, at least 
three or more, input/output ports. For example, the present 
invention is also suitable for the power Supply apparatus 
configured to not include any one input/output port of the four 
input/output ports as illustrated in FIG. 1. 
0.145) Further, in the above description, the primary side 
may be defined as the second side, and the second side may be 
defined as the primary side. In the above description, although 
a case that the transmitted power P is transmitted to the 
primary side port from the secondary side port has been 
illustrated as an example, the above description can be 
applied to the case that the transmitted power P is transmitted 
to the secondary side port from the primary side port. 
What is claimed is: 
1. A power conversion apparatus comprising: 
a transformer; 
a primary side full bridge circuit that is provided on a 

primary side of the transformer; 
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a first port that is connected to the primary side full bridge 
circuit; 

a second port that is connected to a centertap of the primary 
side of the transformer; 

a secondary side full bridge circuit that is provided on a 
secondary side of the transformer; 

a third port that is connected to the secondary side full 
bridge circuit; and 

a control unit that is configured to cause an upperarm of the 
secondary side full bridge circuit to operate in an active 
region in a case where a capacitor that is connected to the 
third port is charged with a transmitted power that is 
transmitted to the secondary side full bridge circuit via 
the transformer from the primary side full bridge circuit 
when a power of the second port is stepped up and the 
stepped up power is output to the first port. 

2. The power conversion apparatus according to claim 1, 
wherein 

the control unit is configured to gradually increase a duty 
ratio of time for which the upper arm of the secondary 
side full bridge circuit operates in the active region, and 
to charge the capacitor that is connected to the third port 
with the transmitted power. 

3. The power conversion apparatus according to claim 1, 
wherein 

the secondary side full bridge circuit includes the upper 
arm in which a first Switching element having a first 
diode provided in parallel with a direction for charging 
the capacitor as a forward direction and a second switch 
ing element having a second diode provided in parallel 
with a direction opposite to the direction of the first 
diode as a forward direction are connected in series, and 

the control unit is configured to cause the second Switching 
element to operate in the active region, and to charge the 
capacitor that is connected to the third port with the 
transmitted power. 

4. The power conversion apparatus according to claim 1, 
wherein 

the control unit is configured to allow a power to be input 
from the third port when a voltage of the capacitor that is 
connected to the third port is equal to or greater than a 
predetermined value. 

5. The power conversion apparatus according to claim 1, 
further comprising 

a fourth port that is connected to a center tap of the sec 
ondary side of the transformer, wherein 

the control unit is configured to charge a capacitor that is 
connected to the fourth port with the transmitted power. 

6. The power conversion apparatus according to claim 5. 
wherein 

the control unit is configured to cause a lower arm of the 
secondary side full bridge circuit to operate in the active 
region when the capacitor that is connected to the fourth 
port is charged with the transmitted power. 

7. The power conversion apparatus according to claim 6. 
wherein 

the control unit is configured to gradually increase a duty 
ratio of time for which the lower arm of the secondary 
side full bridge circuit operates in the active region, and 
to charge the capacitor that is connected to the fourth 
port with the transmitted power. 

8. The power conversion apparatus according to claim 6. 
wherein 
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the secondary side full bridge circuit includes the lower 
arm in which a third Switching element having a third 
diode provided in parallel with a direction for charging 
the capacitor as a forward direction and a fourth Switch 
ing element having a fourth diode provided in parallel 
with a direction opposite to the direction of the third 
diode as a forward direction are connected in series, and 

the control unit is configured to cause the fourth Switching 
element to operate in the active region, and to charge the 
capacitor that is connected to the fourth port with the 
transmitted power. 

9. The power conversion apparatus according to claim 5. 
wherein 

the control unit is configured to allow a power to be input 
from the fourth port when a voltage of the capacitor that 
is connected to the fourth port is equal to or greater than 
a predetermined value. 

10. The power conversion apparatus according to claim 1, 
wherein 

the control unit is configured to cause an upper arm of the 
primary side full bridge circuit to operate in the active 
region when a capacitor that is connected to the first port 
is charged by a power Supply that is connected to the 
second port via the center tap of the primary side. 

11. The power conversion apparatus according to claim 10, 
wherein 

the control unit is configured to gradually increase a Volt 
age of the capacitor that is connected to the first port with 
the stepped up power from detecting that the Voltage of 
the capacitor that is connected to the first port is equal to 
or greater than a first threshold value until detecting that 
the voltage of the capacitor that is connected to the first 
port is equal to or greater than a second threshold value 
that is greater than the first threshold value. 

12. The power conversion apparatus according to claim 11, 
wherein 

the control unit is configured to gradually increase a duty 
ratio of time for which an arm of the primary side full 
bridge circuit is turned on, and to charge the capacitor 
that is connected to the first port with the stepped up 
power. 

13. The power conversion apparatus according to claim 1, 
wherein 

the control unit is configured to charge the capacitor that is 
connected to the third port with the transmitted power 
that is transmitted during a period of gradually increas 
ing a Voltage of the first port with the stepped up power. 

14. The power conversion apparatus according to claim 1, 
wherein 

the control unit is configured to interrupt, according to 
current or temperature of an arm of the primary side full 
bridge circuit or current or temperature of an arm of the 
secondary side full bridge circuit, an operation of the 
arm in the active region. 

15. A method for starting up a power conversion apparatus, 
which includes a transformer; a primary side full bridge cir 
cuit that is provided on a primary side of the transformer, a 
first port that is connected to the primary side full bridge 
circuit; a second port that is connected to a center tap of the 
primary side of the transformer; a secondary side full bridge 
circuit that is provided on a secondary side of the transformer; 
and a third port that is connected to the secondary side full 
bridge circuit, the method for starting up the power conver 
Sion apparatus comprising: 
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causing an upper arm of the secondary side full bridge 
circuit to operate in an active region in a case where a 
capacitor that is connected to the third port is charged 
with a transmitted power that is transmitted to the sec 
ondary side full bridge circuit via the transformer from 
the primary side full bridge circuit when a power of the 
second port is stepped up and the stepped up power is 
output to the first port. 

k k k k k 


